










1.1 General Introduction 
 
Since the development of the vehicle suspension system, designers have been 
faced with the conflict of vehicle safety versus ride comfort. Originally, this trade-
off was minimized by the single optimal adjustment of a passive spring and damper. 
In more recent years, the development of computer-controlled suspension dampers 
and actuators has increased the investigation of the vehicle safety versus ride 
comfort trade-off, and has led to the development of numerous active and semi 
active suspension control designs [1].  
 
Passive suspension system consists of conventional spring and damper with 
the parameters related to the stiffness and damping typically fixed and cannot be 
changed by external signal. In view of the conflicting requirements of the suspension 
and the fact that the vehicle has to operate over a wide range of conditions, there 
should be a compromise in choosing the spring stiffness and damping parameters. In 
other words, it is desirable that the above parameters could be made to change with 
the operating and loading conditions such that the vehicle performance particularly 
concerning the riding comfort can be improved. This situation leads to a class of 
suspension system usually known as semi-active system where the parameter of one 
of the main components (usually the damper) can be made to vary in order to 
appropriately accommodate the corresponding change in the system interaction with 
the environment. Another useful method  is to introduce an external energy to the 
conventional passive suspension system in the form of an actuating force coupled 
with a closed loop (feed back element) incorporated into the system. This physical 
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layout contributes to the so-called active suspension system which has shown some 
positive signs and promises in terms of its practicality and feasibility as can be seen 
from a number of research works in this area [2,3,4]. The performance of the system 
can be further improved with the introduction of intelligent element into the system. 
Thus, the potential of an intelligent active suspension system with the ability to 
avoid the compromise as mentioned earlier is clear and evident.  
 
In this research project, the vehicle ride comfort trade-off is studied through 
a simulation study based on the response of the vehicle model due to passive 
suspension with open-loop configuration and later compared with the response due 
to a number of active suspension with closed-loop control schemes. The proposed 
control strategy for the active suspension system uses an active force control (AFC) 
method which has been shown to be very robust and effective in countering 
parameter uncertainties and disturbances [5]. Intelligent elements are also employed 
with the AFC scheme based on the iterative learning method (ILM) and fuzzy logic 
(FL). An experimental study was also carried out using a developed laboratory 
scaled model of an active suspension rig controlled by a personal computer (PC) 




1.2 Objective of Study 
 
The main objective of this research work is to investigate the response 
characteristics of a quarter car model representing a class of passenger vehicle using 
passive spring and damper suspension system and active control methods. Both the 
simulation and experimental responses were studied in this research. The responses 
obtained could serve as a preliminary findings into the potential application of the 








1.3 Scope of Study 
 
The scope of this study encompasses the computer modelling, simulation and 
experimental studies of an automotive suspension system. A quarter car model is 
considered when deriving the equations of motion representing the dynamics of the 
system. The methods used in the simulation work (apart from the passive method) 
include the continuous skyhook control with proportional-integral-derivative (PID) 
element, active force control (AFC) strategy with iterative learning method (ILM) 
and active force control strategy with fuzzy logic (FL) control. In the experimental 
study, a fully functional laboratory scaled model of the suspension rig fitted with 
suitable sensory and actuating devices will be  designed and develop to complement 
the theoretical and simulation study performed earlier. A comparison of the response 
of the passive method, PID control and AFC plus PID (with crude approximation 
technique) will be made for the experimental work. Only the vertical displacements 
constituting a two degrees-of-freedom (DOF) system is assumed in the study. This 
represents the movement of the sprung mass (car body) and the unsprung mass 
(tyre). Road disturbances in the form of  a ‘bump and hole’ and sinusoidal road 





1.4 Research Approach 
 
The research is initiated by deriving the mathematical model of the main 
dynamic system, i.e., the vehicle quarter car model suspension, using the classic 
Newtonian mechanic. The model used is a two DOF system representing a class of a 
passenger car. It is assumed to be excited by disturbance forces exerted directly on 
the vehicle body or those generated by the road surface condition to the wheel (tyre) 
via a spring and damper mechanism. Again, the disturbances were modelled 
mathematically taking into account a number of assumptions. A number of control 
schemes were also developed and modelled. These schemes include the PID with 
skyhook method and AFC technique employing both crude estimation and 
intelligent mechanisms (to estimate the inertial parameter necessary for the AFC 
method). The latter scheme (AFC method) is the focus of the research project which 
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is largely based on the measured and estimated parameters and that it is practical to 
realize [5].  
 
Based on the derived models, a simulation study using MATLAB and 
SIMULINK was then rigorously carried out, first considering the passive suspension 
system with open-loop response and later the closed loop control active suspension 
system. The results of the simulations were then compared for both the passive and 
active systems and later assessed quantitatively in terms of the three parameters 
which are deliberately chosen to represent each of the conflicting requirements of 
the suspension system. These parameters are the discomfort parameter related to the 
acceleration of the system, suspension working space (SWS) and dynamic tyre load  
[6]. 
 
A prototype of the proposed system was designed and developed involving 
the integration of mechanical, electrical/electronics and computer (software 
programming) control disciplines. Hence, the research adopts a complete 
mechatronics approach towards realizing the prototype of the proposed system. The 
SIMULINK with Real Time Workshop (RTW) facility interfaced with suitable data 
acquisition card will be fully exploited in the study. In the experimental study, the 
road disturbance was considered as a sine wave function generated from a rotating 
cam of suitable profile. Here, due to time constraint, the parameter of interest to be 
assessed is the vehicle body displacements relative to road surface produced by the 




1.5 Outline of Masters Project 
 
The necessary component for achieving objective of the study are given in 
the succeeding chapters. Theoretical information and literature review related to the 
project background are given in Chapter 2. This includes the description of the 
different types of vehicle suspension systems. In particular, the concept of passive, 
semi active and active suspension systems is explained. The mathematical models of 
the suspension systems based on the equations of motion are presented here. The 
active suspension control methods used in the research is discussed in greater detail 
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specifically those related to the classic PID, continuous skyhook method and AFC 
strategy (with intelligent control mechanisms). A number of related works is also 
reviewed adequately in this chapter.  
 
Chapter 3 presents the modelling and simulation of the dynamic suspension 
systems under study. The development of a complete computer models using 
SIMULINK as the modelling tool, based on the mathematical models derived earlier 
in  the preceding chapter is first described. The created SIMULINK models 
representing the relevant suspension systems (the active one in particular) with the 
disturbances and control methods are highlighted. A number of parameters related to 
the development of the proposed system is also mentioned. In Chapter 4, the initial 
simulation work to obtain the various controller parameters is presented and the 
response characteristics (results) obtained from the consequent simulation study 
pertaining to important parameters for the different control schemes are analysed 
and adequately discussed.  
 
The design and development of the experimental suspension rig that includes 
the initial and final design,  selection of transducers (sensors and actuators), system 
integration, design of the experimental procedures, testing and evaluating the 
experiments are fully explained and discussed in Chapter 5. The experimental results 
obtained are analysed and discussed in this chapter. Finally, the conclusions of the 
research work based on the simulation and experimental studies are given in Chapter 
6 along with the recommendations for future research works in the area of vehicle 
suspension control system. Some useful information related to the study are given in 
the appendices. 
